ABSTRACT. The cytotoxic effects of canine NK cells on CL-1 target cells were examined by scanning electron microscopy (SEM). NK cell mediated cytotoxicity on CL-1 target cells was detected by 51 Cr release assay. SEM showed that a canine NK cell extended projections to the CL-1 target cell. Furthermore, the surface of CL-1 target cells changed a mesh-like structure. Therefore, the cytotoxic effects of canine NK cells on CL-1 target cells were morphologically demonstrated.-KEY WORDS: canine, NK, SEM.
Natural killer (NK) cells show antibody-independent cellmediated cytotoxicity against target cells such as virus-infected cells and tumor cells [11, 27, 28] . In humans, mice and rats, it has been suggested that NK cells recognize and bind to a target cell, and then release cytotoxic factors, thereby giving rise to target cell lysis [3, 6, 7, 25, 33, 34] . However, in dogs, these cytolytic processes have not been demonstrated. In the present study, the cytotoxicity of tumor cells by canine NK cells was examined by electron microscopy.
Effector cells were prepared as previously described [1, 12, 16, 18, 19] . Peripheral blood lymphocytes (PBLs), and T-cell and B-cell subpopulations were derived from clinically healthy three to four-year-old male and female dogs. The T-cell subpopulation was then fractionated by centrifugation through a discontinuous density gradient percoll (s.g.=1.130 ± 5, Sigma Chemical Co., U.S.A.). CL-1 cells derived from canine leukemia were used as canine NK-sensitive target cells (%cytotoxicity=44 ± 13.9) [13] . The viability of CL-1 cells was confirmed by the trypan blue exclusion test [24] . In PBLs, T-cell and B-cell subpopulations, the effector: target (E/T) ratio was 25:1. In cells from the percoll fractionation, the E:T ratio was 2.5:1. The cytotoxic assay has been previously described in detail [26] . The percent cytotoxicity was calculated by the standard formula [14, 26] , and expressed as the mean value of quadruplicate cultures. Optical microscopical observation of the effector cells was performed as previously described [25] . NK cells could be morphologically identified as large granular lymphocytes (LGL) [15, 16, 21, 30] . The number of LGL per 100 cells in T-cell fractions separated by discontinuous percoll gradient centrifugation was compared. The preparation for scanning electron microscopic observation of NK cells (1 × 10 5 /ml) cultured with CL-1 cells (1 × 10 4 /ml) for 4 hr was based on the previously reported method of Tsutsui et al. [31] . These materials were observed with a Hitachi S-2100 scanning electron microscope (SEM) operating at 25 kV.
The cytotoxicity of PBL, the T-cell subpopulation and the B-cell subpopulation was 28 ± 2%, 32 ± 8% and 2.5 ± 4%, respectively, when their cytotoxicity against CL-1 percoll density by discontinuous gradient centrifugation (Fig. 1) . Furthermore, enrichment of LGL was observed in the cell fraction with a 35-40% percoll density (Fig. 1) . Therefore, these were used as canine NK cells which lyse CL-1 target cells. The canine NK cell mediated cytotoxicity for CL-1 target cells was examined by electron microscopy. As compared with the surface of unstimulated CL-1 target cell, this cultured with canine NK cell changed a mesh-like structure (Figs. 2a, b and c) . Furthermore, the method of attack on CL-1 target cells by a canine NK cell was examined. The canine NK cell projected processes toward the CL-1 target cell (Fig. 3a) . At high magnification, It was observed that these projections adhered to the surface of the CL-1 target cell (Fig. 3b) .
Some investigators have reported that the cytoplasmic membrane of target cell was injured in NK-mediated cytotoxicity [2, 9, 10] . In humans, mice and rats, various factors (perforin, serine protease granzymes, cytolysin and fragmentin) have been identified as cytotoxic factors released from NK cells [5, 8, 22, 23, 29, 35] . It was previously demonstrated that canine NK cells release some soluble cytotoxic factor(s) in culture supernatant when they lyse target cells [22, 29, 35] . Perforin and cytolysin create holes in the cytoplasmic membrane of target cells [19, 26, 32] . Serine protease granzyme and fragmentin induce DNA fragmentation of target cells [5, 8, 23, 29] . These cytotoxic factors exhibit various actions. This cytotoxic factor(s) released from canine NK cells may also act as proteolytic enzymes lysing the target cytoplasmic membrane, which may be change a comparative smooth cytoplasmic membrane into a rough mesh-like structure. As shown in Fig. 3 , canine NK cell contacting with CL-1 target cell have projections. In human NK cells, NK cell pseudopods were projected towards the K562 target cell [2, 17] . Furthermore, as observed by transmission electron micrography, Kaneko et al. has been also reported that rat NK cells showed a wide-surface adhesion to the Yac-1 target cells and project small processes toward the targets [9, 10] . Therefore, these projections may be essential to the NK-mediated cytotoxicity. The mechanism of NK cell mediated cytotoxicity was found to be complex: Initially NK effector cells recognize and conjugate to the target cell; the target cells induce a release of NK-cytotoxic factor (NKCF) from the effector cell and the released factor lyses the target cells [3, 6, 7, 25, 33, 34] . Therefore, these projections observed in Fig.3 may be the site of recognition and conjugation between the canine NK cell and CL-1 target cell. Canine NK cells also release cytotoxic factors in culture supernatant [18] [19] [20] . However, this NK-cytotoxic factor (NKCF) in culture supernatant-mediated cytotoxicity may be weak in comparison with NK-mediated cytotoxicity. NK cells lyse target cells within 4 hr [11, 12, 16, 18, 27, 28] . Farram and Targan reported that the optimal activity of human NKCF in culture supernatant-cytotoxicity showed a peak at 40 hr [4] . It has been proposed that the amount of this NKCF in culture supernatant is not sufficient for NK-mediated cytotoxicity [4, 32] . It has been reported that some granules in LGL include various cytotoxic factors [5, 6, 22, 29] . These granules have been found to gather around cytoplasmic projections of NK cells and be oriented toward the target [6] . In transmission electron micrography, human NK cell projections were push into cytoplasmic pouches of the target cell [2] . Long cytoplasmic projections of rat NK cell were extended into the cytoplasm of target cell [10] . Canine NK cell projections in Fig. 3 may also extend into the cytoplasm of CL-1 target cell. A part of NKCF in granules may be transported into the cytoplasm of CL-1 target cells through these projections directly between NK cell and target cell, without released outside of NK cell. Therefore, the cytotoxic effects of canine NK cells on CL-1 target cells were morphologically demonstrated.
